Upper gastrointestinal (GI) cancers of the stomach and esophagus have high incidence and mortality worldwide, but they are uncommon in Western countries. Little information exists on the association between vitamin D and risk of upper GI cancers. This study examined the association between circulating 25-hydroxyvitamin D (25(OH)D) and upper GI cancer risk in the Cohort Consortium Vitamin D Pooling Project of Rarer Cancers. Concentrations of 25(OH)D were measured from 1,065 upper GI cancer cases and 1,066 age-, sex-, race-, and season-of blood draw-matched controls from 8 prospective cohort studies. In multivariateadjusted models, circulating 25(OH)D concentration was not significantly associated with upper GI cancer risk. Subgroup analysis by race showed that among Asians, but not Caucasians, lower concentrations of 25(OH)D (<25 nmol/L) were associated with a statistically significant decreased risk of upper GI cancer (reference: 50-<75 nmol/L) (odds ratio ¼ 0.53, 95% confidence interval: 0.31, 0.91; P trend ¼ 0.003). Never smokers with concentrations of <25 nmol/L showed a lower risk of upper GI cancers (odds ratio ¼ 0.55, 95% confidence interval: 0.31, 0.96). Subgroup analyses by alcohol consumption produced opposing trends. Results do not support the hypothesis that interventions aimed at increasing vitamin D status would lead to a lower risk of these highly fatal cancers.
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Upper gastrointestinal (GI) cancers of the stomach and esophagus have high incidence and mortality worldwide, but they are uncommon in Western countries. Few epidemiologic studies have examined the association between vitamin D and risk of upper GI cancers of the esophagus or stomach. The major source of vitamin D for most people is generation through the skin during exposure to ultraviolet B radiation, whereas diet contributes little, especially among those who do not consume vitamin D-fortified products or oily fish. Vitamin D can be antiproliferative in cells of the skin, colon, breast, and prostate, among others, and may also limit proinflammatory stresses (1).
Ecologic studies in the United States (2) and elsewhere (3) have suggested an inverse correlation between estimated ultraviolet exposure and upper GI cancer rates. However, ecologic studies are principally hypothesis generating and provide the weakest evidence because of the lack of individual data on exposure and disease. In contrast, another study reported a higher risk of second primary cancers in internal organs, including the esophagus and stomach, after a first diagnosis of nonmelanoma skin cancer, but these associations seemed limited to countries with lower ultraviolet exposure and did not show specificity by cancer site (4) . Another study built an index from factors that predict higher serum 25-hydroxyvitamin D (25(OH)D) concentrations (dietary and supplemental vitamin D, skin pigmentation, adiposity, geographic region of residence, and leisuretime physical activity) and found that index values that predict higher vitamin D status were associated with a statistically significant lower risk of esophageal cancer and a non-statistically-significant lower risk of stomach cancer (5) . This index, however, included exposures that may affect cancer risk independent from their association with vitamin D status.
Observational studies with individual exposure metrics have produced mixed results. Case-control studies of upper GI cancer examining dietary and/or supplemental vitamin D have reported that higher vitamin D intake is associated with lower risk of esophageal squamous cell carcinoma (ESCC) (6) , is associated with increased risk of gastric cancer (7), or had no association with gastric cancer (8) . A prospective cohort study from China showed that higher serum 25(OH)D concentrations were associated with higher risk of ESCC but had no association with risk of gastric cancer (9) . Another study in the same population showed that higher 25(OH)D concentrations were associated with higher risk of squamous dysplasia, the precursor lesion for ESCC (10) .
The current study examined the association between circulating 25(OH)D concentration and upper GI cancer risk in a nested case-control study combining gastric and esophageal cancer cases and matched controls from 8 prospective cohort studies from China, Finland, and the United States as part of the Cohort Consortium Vitamin D Pooling Project of Rarer Cancers (VDPP). To maximize power, total upper GI cancer was the primary outcome.
MATERIALS AND METHODS

Study design and population
A detailed description of the cohorts and methods used in the VDPP is provided in the paper by Gallicchio et al. (11) . The upper GI cancer analyses included esophageal and gastric cancer cases from the following 8 cohorts: the AlphaTocopherol, Beta-Carotene Cancer Prevention Study (ATBC); CLUE; the Cancer Prevention Study II (CPS-II) Nutrition Cohort; the Multiethnic Cohort Study (MEC); the New York University Women's Health Study (NYU-WHS); the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial (PLCO); the Shanghai Men's Health Study (SMHS); and the Shanghai Women's Health Study (SWHS). The number of subjects and other information for each cohort are given in Table 1 .
Tumor location and histologic coding methods varied by study and included the International Classification of Diseases, Ninth Revision; International Statistical Classification of Diseases and Related Health Problems, Tenth Revision; and country-specific methods. For the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, cases with epithelial tumors located in the esophagus (codes C152-159), gastric cardia (code C160), body of the stomach (codes C161-166), and overlapping and not otherwise specified locations (codes C168-169) were included. Cases were matched to controls who were alive and cancer free at the time of case diagnosis. Controls were matched within cohorts to cases on age at blood collection (61 year), sex, race/ethnicity (Asian/ black/Caucasian/other), and calendar day of blood draw (630 days).
Of the 1,077 cases initially identified, 12 were excluded because of a diagnostic date before blood draw (n ¼ 2), ineligible histology (n ¼ 5), failed 25(OH)D assay (n ¼ 1), and lack of an adequate control (n ¼ 4), leaving 1,065 cases and 1,066 controls for analysis. Case and control numbers are uneven because 1 subject was simultaneously diagnosed with esophageal and stomach cancer and was matched to 2 different controls. In disease-stratified analyses, this subject was included for both cancer sites but only once in the total upper GI cancer analyses. Any upper GI cancer was the main outcome to maximize power, but subgroup analyses were conducted based on organ and histology, where possible, including all esophageal cancer (n ¼ 265), ESCC (n ¼ 142), esophageal adenocarcinoma (n ¼ 104), all gastric cancers (n ¼ 784), gastric cardia adenocarcinoma (n ¼ 135), and gastric noncardia adenocarcinoma (n ¼ 428).
Measurement of circulating 25(OH)D
Circulating (serum or plasma) 25(OH)D concentrations were assayed by using a direct, competitive chemiluminescence immunoassay using the DiaSorin LIAISON 25 OH Vitamin D TOTAL Assay (11, 12) . Coefficients of variation for duplicate serum/plasma aliquots included in all laboratory sample batches were calculated by using the 2 masked standards provided by the National Institute of Standards and Technology (NIST): level 1 (~60 nmol/L) and level 2 (~35 nmol/L). Interbatch and intrabatch coefficients of variation for level 1 samples were 12.7% and 9.3%, respectively; interbatch and intrabatch coefficients of variation for level 2 samples were 13.6% and 11.0%, respectively. For all primary analyses, a priori categories were used based on clinically defined cutpoints: <25, 25-<37.5, 37.5-<50, 50-<75, 75-<100, and 100 nmol/L. The category 50-<75 nmol/L was chosen as the reference because it encompasses the mean for subjects in the National Health and Nutrition Examination Survey (13) . For some subgroup analyses, alternative constructs were used, including considering the <25 nmol/L category as the referent group (to aid interpretability) and using log-transformed continuous 25(OH)D (to potentially maximize power and simplify presentation).
Statistical analyses
All statistical analyses were carried out at Information Management Services, Inc. (Silver Spring, Maryland) by Table continues using SAS software, versions 9.1.3 and 9.2 (SAS Institute, Inc., Cary, North Carolina), and meta analyses were conducted by using the R function MiMa (14) . Reported P values were derived from 2-sided tests, and those <0.05 were considered statistically significant. Conditional logistic regression models were used for the primary analyses of the association between circulating 25(OH)D and upper GI cancer risk, whereas unconditional models were used for stratified models. Estimated odds ratios and 95% confidence intervals were calculated by using the 6 clinically defined categories in models without further adjustment and in multivariate-adjusted models. Trend tests of the overall association were conducted by using a 1 degree-of-freedom test with subjects assigned a value of 1-6 based on their 25(OH)D category. Conditional and unconditional models (data not shown) produced similar results. Models using cohort-and season-specific quartiles produced results similar to those using the clinically defined cutpoints (data not shown).
Potential confounding variables assessed included cigarette smoking, alcohol drinking, educational attainment (as a proxy for socioeconomic status), body mass index, and history of gastric surgery where available. Bivariate analyses to test for independent associations between potentially confounding variables and both case status (conditional logistic regression) and circulating 25(OH)D concentrations among controls (linear regression) based on the Wald test were conducted. Variables with an independent association with both case status and circulating 25(OH)D concentration (P < 0.10), as well as those with known associations with cancer risk from previous studies, were retained; then, a parsimonious final model was built with a forward selection and backward elimination procedure, looking for changes in the 25(OH)D betas of 610%. Body mass index was excluded as a confounder and therefore the multivariate models included cigarette smoking, alcohol drinking, education, and history of gastric surgery as categorized in Table 2 . For variables for which data were missing, including history of gastric surgery (data missing for 38% of cases and 27% of controls), ethnicity, smoking, alcohol drinking, and education (missing for 1% of subjects), a categorical variable to account for missingness was included. Unconditional models included both the matching and additional adjustment variables. Stratified analyses were conducted by season (summer (June-November)/winter (December-May)), sex, organ, organ and histology, smoking (never/ever), alcohol drinking (4 categories), and length of follow-up (<2 years, 2 years). Models stratified on alcohol drinking did not include some adjusting variables because of small cell counts. We found no differences by follow-up time (data not shown). Stratified analysis by age, body mass index, physical activity, and follow-up time were conducted by using long-transformed continuous concentrations. Seasonally adjusted 25(OH)D concentrations were created by using the residuals after regression against week of blood draw using the local polynomial regression (loess) method. These results were similar to the non-seasonally-adjusted results and are not shown in this paper.
In addition to the pooled analysis described above, a meta-analysis approach was also used (14) . For each cohort separately, with 50-<75 nmol/L as the referent category, odds ratios and 95% confidence intervals for subjects in the bottom (<25 nmol/L) category and for the top 2 categories combined (75 nmol/L) were estimated. Pooled estimates of effect using inverse-variance-weighted random-effects models were calculated and statistical heterogeneity assessed by Q and I 2 statistics. Table 1 presents the number of cases and controls from each cohort, the median time from blood draw to case diagnosis, and the median (interquartile range) circulating 25(OH)D concentration by cohort. Median follow-up time ranged from 1.7 years in the Shanghai Men's Health Study to 11.8 years in the New York University Women's Health Study. The Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study had the lowest median 25(OH)D concentration at 31.5 nmol/L among controls, whereas CLUE had the highest at 61.5 nmol/L. Median concentrations by cohort varied based on the sex ratios, ethnic makeup, seasons of blood collection, and other factors. The predictors of 25(OH)D concentration in the VDPP cohorts were evaluated separately (15) . Table 2 shows subject characteristics by case status. Compared with controls, upper GI cancer cases reported significantly more cigarette smoking and less education, and they were more likely to report a history of gastric surgery. Cases and controls did not differ in body mass index and were comparable regarding matching factors.
RESULTS
Median circulating 25(OH)D concentration did not differ significantly (P ¼ 0.90) between upper GI cancer cases and controls-39.4 nmol/L (interquartile range: 26.3-56.1) and 39.1 nmol/L (interquartile range: 25.8-56.7), respectively (Table 2) . Furthermore, the distribution of cases and controls did not differ across the 6 categories of 25(OH)D (P ¼ 0.97). Subgroup analyses by organ site and histology are shown in Table 4 . No associations were observed for total esophageal cancer or when subdivided into the 2 histologic types ESCC and esophageal adenocarcinoma. Total gastric cancer showed no association, but when divided into the 2 primary gastric subsites, cardia and noncardia stomach, an increased risk of gastric noncardia cancer with higher circulating 25(OH)D concentration was observed. Compared with the reference group (50-<75 nmol/L), those in the higher category (75-<100 nmol/L) were at statistically significantly higher risk (odds ratio (OR) ¼ 2.00, 95% confidence interval (CI): 1.03, 3.91. The test for trend across categories was P ¼ 0.083.
Among never smokers, those in the lowest category of 25(OH)D concentrations were at lower risk of upper GI cancer compared with the reference group (OR ¼ 0.55, 95% CI: 0.31, 0.96), with a statistically significant test for trend (P ¼ 0.004). No statistically significant associations were observed among ever smokers (Table 4 ).
In models stratified on alcohol drinking, some differences were found (Table 4) . Subjects consuming more than 14 g of alcohol a day showed higher risk of upper GI cancer at lower vitamin D concentrations, whereas an opposite trend appeared to be present among those who did not drink alcohol.
Associations varied by race (Table 5 ), but sufficient numbers to examine models separately were available for only Asians and Caucasians. Among Asians, a statistically significant decreased risk of upper GI cancer was observed with lower concentrations, with a significant trend across categories of 25(OH)D concentration (P ¼ 0.003). For example, subjects in the lowest category (<25 nmol/L) had a 47% (95% CI: 9, 69) lower risk of upper GI cancer than those in the referent group (50-<75 nmol/L). To simplify interpretation, models were also fit by using the lowest category as the referent. The odds ratio estimates for increasing 25(OH)D categories were 1.0 (reference), 0.94 (95% CI: 0.60, 1.48), 0.96 (95% CI: 0.59, 1.56), 1.88 (95% CI: 1.10, 3.22), 3.56 (95% CI: 1.39, 9.14), and 1.85 (95% CI: 0.44, 7.75). Although sample sizes became sparse, further stratification by season or by sex found significant trend tests in all subgroups of Asians except women alone. Among Caucasians, no statistically significant associations were observed between circulating 25(OH)D and risk of upper GI cancer overall or in groups defined by sex or season. Stratified analyses among the overall population by age, body mass index, physical activity, and follow-up time showed no evidence that the associations differed by these strata (Table 6 ). Conditional logistic regression models were matched on cohort, race, sex, and date of blood draw without or with further adjustment for alcohol drinking, smoking, education, and history of gastric surgery. c Unconditional logistic regression models were adjusted for the matching factors cohort, race, sex, and date of blood draw without or with further adjustment for alcohol drinking, smoking, education, and history of gastric surgery.
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Models for each of the 4 specific cancer outcomes that were simultaneously stratified on ethnicity, smoking, or alcohol drinking had small numbers and produced most risk estimates with wide confidence intervals (data not shown). These results were similar to those presented in that low vitamin D concentrations were associated with lower risk of noncardia gastric cancer in Asians and lower risk of esophageal adenocarcinoma in whites. In contrast, risk of ESCC was nonsignificantly higher with lower concentrations in whites and Asians.
Finally, the association between circulating 25(OH)D concentration and upper GI cancer risk was examined by using a meta-analysis framework. Figure 1 shows the odds ratio in each cohort separately comparing those in the <25 nmol/L group with the referent group of 50-<75 nmol/L and those in the 75 nmol/L group compared with the same group. For subjects with circulating concentrations of <25 nmol/L, most estimates were below unity, and the summary odds ratio across cohorts was 0.89 (95% CI: 0.47, 1.66), although there was some heterogeneity in these estimates (I 2 ¼ 39%; P ¼ 0.14). The estimate for the AlphaTocopherol, Beta-Carotene Cancer Prevention Study cohort appeared to differ from the rest in showing significantly increased risk (OR ¼ 1.85, 95% CI: 1.06, 3.21). For subjects with circulating concentrations of 75 nmol/L, risk estimates centered on unity with an odds ratio across cohorts of 1.06 (95% CI: 0.67, 1.68) and little heterogeneity (I 2 ¼ 9%; P ¼ 0.36).
DISCUSSION
This study examined the association between circulating 25(OH)D concentrations and upper GI cancer risk in a combined analysis nested in 8 prospective cohort studies. Overall, no association between circulating 25(OH)D concentration and risk of upper GI cancers was observed. Surprisingly, in models stratified by race/ethnic group or smoking, there was evidence of a protective association with lower vitamin D status and cancer risk. In models stratified on alcohol drinking, 2 opposing trends were evident. For subjects reporting no alcohol consumption, having a lower concentration of circulating vitamin D was associated with lower cancer risk; for those reporting consumption of more than 14 g of alcohol a day, lower concentrations were associated with higher risk of cancer. Among Asians, most of whom participated in the 2 Shanghai cohorts of Han Chinese, and among never smokers, the risk of cancer was statistically significantly lower for subjects with circulating concentrations of <50 nmol/L compared with those with higher concentrations. Specifically, compared with a circulating 25(OH)D concentration of 50-75 nmol/L, a range that encompasses the mean for subjects in the National Health and Nutrition Examination Survey, the odds ratio for Asian subjects with a circulating concentration of <25 nmol/L was 0.53 (95% CI: 0.31, 0.91).
Similarly, for never smokers, the same contrast produced an odds ratio of 0.55 (95% CI: 0.31, 0.96). The estimate in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study cohort, whose members were all active smokers, appeared to differ from that in the other cohorts, showing that subjects in the lowest 25(OH)D category had higher risk of upper GI cancer (OR ¼ 1.85, 95% CI: 1.06, 3.21). This finding is consistent with the possibility that smoking status may modify the association of vitamin D with upper GI cancer risk. All these stratified estimates should be interpreted with caution because these stratifications also altered the primary outcomes examined (e.g., more ESCC among the alcohol drinkers), and it altered the relative representation of different cohorts (e.g., all Alpha-Tocopherol, BetaCarotene Cancer Prevention Study subjects were among the ever smokers). However, these subgroup analyses strongly suggest that each disease subtype should be examined separately in large studies to clarify these potential interactions.
To our knowledge, only 2 previous studies have tested the association between circulating vitamin D status and risk of upper GI cancer, and both were conducted in China and examined Han Chinese (9, 10) . In a prospective study, a serum 25(OH)D concentration of <20 nmol/L compared with >48 nmol/L conveyed a significantly reduced risk of 0.56 for ESCC in men but showed no association among women. In contrast, there was no evidence of association with risk of gastric cancer in either sex in that study. A subsequent cross-sectional study in the same population showed lower risk of esophageal squamous dysplasia, the preneoplastic lesion for ESCC, with lower serum 25(OH)D status. The results of the present study among Asian participants, most of whom were Han Chinese, were similar regarding the direction of association. Our sample size among Asians was too small to test for distinct associations by Odds ratios (ORs) and 95% confidence intervals (CIs) were derived from conditional logistic regression models. The boxes show the odds ratios, the bars show the 95% confidence intervals, and the size of each box is inversely proportional to the variance of the log odds ratio estimate in each cohort. The overall estimates (diamonds) were derived from a metaanalysis using random-effects modeling. No estimates are given for the NYU-WHS because of small numbers in the exposed group. cancer type, but the adverse association was apparent in both sexes, a finding that differs from the previous report (9) .
Studies of other cancer sites in the VDPP have also observed an association between higher vitamin D status and increased cancer risk. As in a previous study of the AlphaTocopherol, Beta-Carotene Cancer Prevention Study cohort alone (16), higher vitamin D status was associated with increased risk of pancreatic cancer. Here, a 2-fold increase in risk was seen for subjects with a 25(OH)D concentration of >100 nmol/L (17) . In addition, the analysis of nonHodgkin lymphoma suggested an association of increased risk with higher vitamin D status in women (18) .
As in all observational epidemiologic studies, the results of this analysis should be interpreted with caution because unmeasured or poorly measured confounders could obscure the true association. Furthermore, the significant differences we observed were apparent only in subgroups. However, the magnitude of the estimated risks in these subgroups and the observed dose-response associations were such that any unmeasured factor would need to have a strong association with upper GI cancer risk and also be well correlated with vitamin D status to confound the associations observed.
One possible source of confounding not included in our pooled analysis study was occupation. Some jobs that convey lower socioeconomic status, which may increase the risk of upper GI cancers, may also entail more sun exposure. This potential confounding by occupation was explored in the Shanghai cohorts (data not shown), but these analyses did not suggest that occupational differences would explain the adverse association among Asians. Other potential confounders were considered in the analyses. Among Asian controls in the VDPP, alcohol consumption and vitamin D intake (primarily from fish) was associated with higher circulating 25(OH)D, whereas current smoking was associated with significantly lower circulating 25(OH)D (15) . Because the models were adjusted for alcohol consumption and cigarette smoking, and because smoking was correlated with lower 25(OH)D concentration, confounding by smoking is unlikely to explain the association among Asians.
Several biologic rationales have been postulated for possible adverse associations between higher vitamin D status and increased cancer risk, including induction of phase I metabolizing enzymes under certain conditions (19) , which may be relevant in some populations. Second, the vitamin D pathway can have both proliferative and antiproliferative effects on preneoplastic lesions in an organ-specific manner. In cells molecularly similar to esophageal squamous dysplasia in their ratio of E-cadherin to osteopontin, vitamin D may stimulate cell proliferation; in cells molecularly similar to colon polyps in their ratio of E-cadherin to osteopontin, vitamin D appears to be antiproliferative (20) . However, these hypotheses remain speculative. Alternatively, vitamin D status may change with occult cancer such that reverse causation contributes to the apparent adverse association. Future analyses of these cohorts are warranted because the relatively short median follow-up in the Shanghai Men's Health Study, a major contributor of the Asian subjects in the analysis, leaves open the possibility that occult cancers influenced vitamin D concentrations. This study has several strengths. The combination of multiple populations from diverse geographic locations provided a wide distribution of exposure to circulating 25(OH)D concentrations. Using 8 cohorts supplied a relatively large sample size for these cancers in a prospective study. Furthermore, all samples were measured by using the same methods in a single facility. Weaknesses of the study include combining cancers with some disparate risk factors under a single outcome of upper GI cancer, although analyses were also conducted by cancer type. In addition, data on several potential confounding risk factors, including Helicobacter pylori status for gastric cancer and history of gastroesophageal reflux disease for esophageal adenocarcinomas, were not available. However, no data suggest that these factors are related to vitamin D status and could confound results.
In this combined analysis of 8 prospective cohorts, no overall association between circulating 25(OH)D concentration and risk of upper GI cancers was observed. In subgroup analyses, an adverse association between higher vitamin D status and upper GI cancer risk for Asians and for never smokers, and opposing trends in subgroups defined by alcohol consumption, suggested that the association may differ by major risk factors for upper GI cancer or among individuals with different risk-factor profiles for upper GI cancer. In summary, these results do not support the hypothesis that interventions aimed at increasing vitamin D status would lead to lower risk of these highly fatal cancers.
